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with full tendency to pipe. Soundness, which means freedom from gas holes, is, generally speaking, a necessary requirement in order that the product may be sound, as almost any of the alloying elements interferes with or prevents the welding of steel that contains that element so that any contained gas holes in ingots will not be welded up by hot working. Therefore they may, if near the surface, be opened to the air by scaling in heating or by forging and rolling and then be oxidized within and form scams. Chromium and nickel more than other alloying metals prevent welding in steel.
Pipe in the ingot may be shortened in length by casting the injjot with the larger end up, or it may be avoided if the ingot when so cast is squeezed laterally, or if the top is maintained in the molten state until the remainder of the ingot is solid. If neither of these means is employed enough of the top of the ingot must be discarded to get rid of any objectionable pipe. Whether any pipe is permissible depends on the use to be made of the steel, there being many uses for which steel containing a pipe is adapted, or a hole may even be drilled where the pipe would naturally be as is often done to favor heat treatment in massive articles.
The amounts given in this monograph of the different steels produced in the United States have for the most part been determined by indirect means. They arc therefore not exact, but are, it is believed, near enough to the truth to warrant presenting them.
The temperatures are given in both centigrade and Fahrenheit degrees.
Alloy steels and other alloys of iron with other elements have been discussed by numerous writers chiefly in their general or purely scientific aspects.
The selected bibliography, at the eiid of each chapter, relating to the different alloy steels is intended to be limited to articles that bear upon the useful steels. Many of the articles themselves have bibliographies more or less complete. The bibliography is arranged chronologically.l ingots or castings should be made sound and Kl.KMKNTS.......................................     91
